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Abstract 
This paper explains the results of research on analysis of the ports within the Western Indonesia in terms of logistics 
effectiveness and efficiency perspective. The research aimed at determining one port amongst 18 main ports within 
the Western Indonesia as the main hub port to support the national logistics system. The results of research, based on 
multi-criteria analysis that has exercised seven criterion, i.e.: (1) spatial system; (2) national transportation system; (3) 
national security; (4) port operational and technical; (5) type of commodity; (6) port services; and (7) logistics service 
cost, indicated that the Port of Tanjung Priok-Jakarta is the most effective and efficient port. While, based on the 
spatial analyzes, Port of Tanjung Emas-Semarang is the prioritized choice. This research still needs a further analysis 
to promise both of ports are feasible technically and economically as a main hub port. 
© 2012 Published by Elsevier Ltd. Selection and peer-review under responsibility of Beijing Jiaotong 
University (BJU) and Systems Engineering Society of China (SESC).    
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1. Introduction 
Indonesia port system is organized into a hierarchical system consisting of approximately 1,700 ports. 
There are 111 ports, including 25 strategic ports, which are considered as the commercial port and are 
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managed by four state-owned enterprises namely the Port of Indonesia Company. Those ports have vital 
role in distribution of people, goods, and services amongst islands as well as national, regional Asia, and 
international level.  
Statistically, during 2002-2006, the figure of goods transportation by sea for domestic purposes 
increased by approximately 11.5% per year, whiles the amount of goods transported overseas increased 
only around 4.1% in the same period (Ministry of Transportation, 2007).  Particularly, the ports located at 
Western Indonesia have strategic role in servicing the export and import activities in countries in Asia and 
south-east Asia region (ASEAN), Europe, America, Middle East, and Africa. More than 30 million tons 
per year, commodities exported and imported through the port located at Western Indonesia area 
(Statistics of Bank of Indonesia, 2008). The majority of the movement of containers is the intra-
continental Asia (60.93%), the rest is distributed to the America (12.49%), Europe (11.45%), Australia 
(11.07%), and Africa (3.61%) (Coordinating Ministry for Economic Affairs of Government of Indonesia, 
2010).  
Research results by Low et.al. (2009) using novel network-based hub port assessment (NHPA) model 
provided a view that the position of global hub port status leads to the port of Singapore, Hong Kong, 
Shanghai-China, Pusan-Korea and Kaohsiung-Taiwan. Port of Singapore and Hong Kong are the ports 
that have a very strong stability, while Jawaharlal Nehru-India, Laem Chabang-Thailang and Tanjung 
Priok-Indonesia serves as a regional hub ports. Port of Tanjung Priok, as one of the current largest hub 
port in Western Indonesia, may reflect the effectiveness and efficiency of logistics system of Indonesia 
which is still far behind other countries in terms of its performance.  
In the context of national logistics performance, the assessment result of logistics performance index 
(LPI) of Indonesia assessed by the World Bank in 2010, placed Indonesia on the ranking of 75 amongst 
149 other countries in the world. This condition is much lower than the World Bank's assessment in 2007, 
which placed Indonesia on the ranking of 43 amongst 150 other countries. At the ASEAN level, Indonesia 
occupied the 6th position from 9 ASEAN countries. Particularly, the performance of international 
shipment of Indonesia ports, as one of indicator measured by the World Bank, was under the average 
condition (under score 3, ranging from 1 – 5) (the World Bank, 2010).  
The result of research indicated that the service performance of national ports of Indonesia could not be 
separated from the existences of availability of infrastructure and loading-unloading facilities. The current 
performance of Indonesia ports is measured by the indicators of port services and utilities. The 
performance of national ports of Indonesia in terms of efficiency indicators is measured by three 
indicators, i.e.: (1) fleet services, (2) goods services, and (3) utility of port facilities. Of the 18 national 
strategic ports located in the Western Indonesia, there was no port which has high performance that 
reflected the three indicators mentioned above (Center for Transportation and Logistics Studies, 2010). 
However, the ports located in Western Indonesia have high potential to be an international hub port to 
support the overseas trading in terms of national logistics system. 
The analysis result in this research used multi-criteria analysis which has exercised seven criteria, i.e.: 
(1) spatial system; (2) national transportation system; (3) national security; (4) port operational and 
technical; (5) type of commodity; (6) port services; and (7) logistics service cost, indicated that the Port of 
Tanjung Priok-Jakarta is the most effective and efficient port at the current condition. While, based on the 
spatial analysis, Port of Tanjung Emas-Semarang is the prioritized choice. The different result needs 
further research to ensure the feasibility of ports to support the goods or commodity movement in the 
context of regional, inter-region, national, and global logistics. 
2. Literature review 
The location of a port has important implications to the technical-operational side of the operator and 
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the users of services. According to the Indonesia Government regulation, as stated in Government 
Regulation number 61 year 2009 concerning with the Ports, there is a criteria of port location established 
by the function of the port as the hub port and sub-hub ports, as shown in Table 1. 
Table 1. The location criteria for hub and sub-hub port 
Hub Ports (International Ports) Sub-hub Ports 
a.  geographically close to the international market 
destination;
b.  close to the international shipping route; 
c.  has a certain distance to other major (hub) ports;
d.  has an area of land and sea and protected from the waves;
e. able to serve the ships with a certain capacity;
f.  as an international transshipment point of passengers and 
goods;
g.  has certain capacity of loading and unloading.  
a. equally distribution of national development and enhance 
the growth of the region; 
b.  has a certain distance with other sub-hub ports; 
c.  has a certain distance to domestic shipping route; 
d. has an area of land and sea area and protected from the 
waves;
e.  close to the center of the provincial capital region growth 
and national growth areas; 
f.  able to serve the ships with a certain capacity; 
g. has certain capacity of loading and unloading.  
Note: quoted from the Government Regulation of Government of Indonesia Number 61 year 2009 concerning with the Ports. 
From some previous researches, the port selection criteria from the perspective of port service users, is 
determined by the following factors: 
xThe high frequency of ship visits (Slack, 1985; Bird and Bland, 1988; Tiwari et al., 2003; Sanchez et 
al., 2003; and De Langen, 2007). 
xThe speed and reliability of the container handling service (UNCTAD, 1992; Tongzon & 
Ganesalingam, 1994). 
xThe adequate port infrastructure, especially for loading and unloading equipment availability and 
information technology support (Tongzon & Ganesalingam, 1994). 
xProximity to the port and industrial center (Tiwari et al., 2003; Willingale, 1984; and Murphy et al. 
1991). 
xLow cost of ports (Murphy et al., 1991, 1992). 
xHigh respond to the needs of port service users (D'Este and Meyrick, 1992; Ugboma et al., 200; and 
De Langen, 2007); 
xThe guarantee of goods security (D'Este and Meyrick, 1992). 
International port services characteristics and performance indicators. The service and management of 
international ports is oriented to the marketing mix service, with the following characteristics:  
xThe lower cost of port service. 
xSingle or simple of documentation and procedures. 
xEase in business transactions in the port or paperless transaction system. 
xLess restriction on transshipment and re-export. 
xAble to offer other services more than just storage. 
Bichou (2007) states that the port performance can be indicated through the achievements of the output 
of port or the success rate of service which can be grouped into 3 (three) groups of the following 
indicators:  
xService performance and productivity of ships and goods loading and unloading that is closely 
related with information concerning the amount of traffic throughput of goods that utilizes equipment 
or port facilities within a specific time period.  
xService indicators, namely the performance of traffic, which is an indicator that is closely related to 
the length of time information about service vessel in the harbor area.  
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xUtilization indicators, namely the utilization of port facilities and production equipment used to 
measure the extent of the dock facilities and supporting infrastructure used intensively. 
Tongzon and Zen (2005) have identified the variables used to measure the port efficiency, i.e.: 
xPort operation efficiency level. 
xPort cargo handling charges. 
xReliability. 
xPort selection preferences of carriers and shippers. 
xThe depth of the navigation channel. 
xAdaptability to the changing market environment. 
xLandside accessibility. 
xProduct differentiation. 
From the literature review, it can be concluded that the criteria for the selection of a port as an 
international should meet the criteria of effectiveness which in turn will be able to create the efficiency in 
terms of logistics. The global trading and market trend could affect the way a port to make changes in 
attempting the performance improvement. 
3. Analysis and discussion 
3.1. Multi-criteria analysis  
Multi-criteria analysis is one of Multi-Criteria Decision Analysis (MCDA) method that is applied to 
help decision makers develop coherent preferences. In other words, coherent preferences are not assumed 
to start with, but the approach helps individuals and groups to achieve reasonably coherent preferences 
within the frame of the problem at hand. Once coherent preferences are established, decisions can be 
taken with more confidence (Keeney and Raiffa, 1993).  
At the core of the Analytical Hierarchy Process (AHP) lies a method for converting subjective 
assessments of relative importance to a set of overall scores or weights. The method was originally 
devised by Saaty (1980). In this research, AHP was used to judge the importance level of seven criteria 
that will affect the assessment of the port selection. They are: (1) commodity; (2) logistics services cost; 
(3) operational port; (4) port services; (5) regional spatial system; (6) national transportation system 
(SISTRANAS); and (7) national defense.  
The results of data collection from the stakeholders perception on the importance of each criterion 
used in selecting the port location give the following result: 
xCriterion of commodity: 19.25%; 
xCriterion of logistics service cost: 18.45%; 
xCriterion of operational port: 17.94%; 
xCriterion of port services: 16.45%; 
xCriterion of regional spatial system: 13.76%; 
xCriterion of national transportation system: 9.33%; 
xCriterion of national defense: 4.82%. 
Of above seven criteria, the criterion of commodity is considered to have the highest level of 
importance in selecting a port. Number of percentage indicates the value of the weights of each criterion 
that will be used in calculating the level of effectiveness and efficiency of 18 ports in Western Indonesia 
which would then be used as an indicator of port performance.   
Determination of the nature of indicators will affect the way of calculations to compare the magnitude 
value of each indicator. In this research, there are two natures of indicators, namely: (1) benefits 
indicators (effectiveness indicators) for the criteria of: (a) commodity, (b) port services, (c) operational 
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port, (d) regional spatial system, (e) national transportation system, and (f) national defense; (2) cost 
indicators (efficiency indicators) for criterion of logistics cost. The benefit indicators reflect on the 
positive value which is increasingly favored, while the cost indicators reflect on the negative value which 
is increasingly unpopular.  
In the calculation process, the standardization method was used to obtain valuation figure that is 
comparable amongst the criteria assessed by using numbers in the range 0-1. The standardization of 
benefits indicators used the following formula: 
   nicore SMinimumniScoreMaximum/nicore SMinimumiScoreiSb                 (1)
The standardization of cost indicators used the following formula: 
    nicore SMinimumnicore SMaximum/nicore SMinimumiScore-1iSc  (2)
where the score 0 indicates the lowest performance, while score 1 indicates the highest performance. 
The result of performance assessment of national ports in Western Indonesia region in terms of 
effectiveness and efficiency indicators, using standardized methods, it can be shown as in Table 2. It can 
be identified the big-five of ports in Western Indonesia which have higher value of effectiveness and 
efficiency. Port of Tanjung Priok, located in Jakarta, has the highest value (1.49) at the current condition.  
Table 2. The value of effectiveness and efficiency of Ports in Western Indonesia
Effectiveness Indicators 
Efficiency 
Indicator 
No Name of Port Regional
Spatial
System 
National
Transporta-
tion System 
National
Defense
Opera-
tional
Cost
Commo-
dity
Port
Services
Logistics 
Cost
Total
value
1. Tanjung Priok 0.14 0.09 0.05 0.4 0.08 0.73 0.00 1.49 
2. Panjang 0.14 0.09 0.02 0.4 0.05 0.57 0.16 1.43 
3. Tanjung Perak 0.14 0.04 0.05 0.27 0.01 0.77 0.12 1.40 
4. Teluk Bayur 0.14 0.09 0.00 0.32 0.01 0.77 0.05 1.38 
5. Banjarmasin 0.14 0.00 0.02 0.38 0.19 0.43 0.17 1.33 
6. Tanjung Emas 0.14 0.04 0.05 0.23 0.00 0.75 0.11 1.32 
7. Palembang 0.14 0.04 0.02 0.29 0.01 0.61 0.18 1.29 
8. Belawan 0.14 0.09 0.02 0.18 0.05 0.70 0.00 1.18 
9. Balikpapan 0.14 0.00 0.02 0.46 0.00 0.37 0.12 1.11 
10. Samarinda 0.00 0.00 0.02 0.32 0.18 0.39 0.12 1.03 
11. Pontianak 0.14 0.00 0.02 0.36 0.01 0.33 0.15 1.01 
12. Pekanbaru 0.00 0.04 0.02 0.01 0.03 0.26 0.12 0.48 
13. Benoa 0.06 0.00 0.02 0.18 0.00 0.17 0.00 0.43 
14. Tanjung Pinang 0.06 0.04 0.02 0.24 0.02 0.04 0.00 0.42 
15. Lhokseumawe 0.00 0.04 0.02 0.1 0.09 0.49 0.11 0.85 
16. Tanjung Intan 0.14 0.04 0.05 0.07 0.00 0.44 0.18 0.92 
17. Banten 0.00 0.09 0.05 0.07 0.00 0.60 0.12 0.93 
18. Dumai 0.06 0.04 0.02 0.36 0.18 0.29 0.04 0.99 
3.2. Spatial analysis 
This research used a Graph Theory with applications using the FlowMap software which can be used 
to identify the flow of goods, traffic network, and data migration. According to Phan (2005), the 
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FlowMap is a combination of maps and flow charts, which show the movement of objects from one 
location to another, such as the number of people who traveled. the number of goods traded or transported 
in a network. Almost similar to Phan, Harris (1999) stated that the FlowMap can be used to indicate a 
movement, including such things as real as people, products, natural resources, weather, and others. Map 
can show things such as: (a) the flow or movement or displacement; (b) the direction of flow or 
movement and/or trip purposes; (c) how much is transferred or transported, etc.; and (d) general 
information of what is flowing and how the process of flow runs. 
In this research, to determine the most efficient port in Western Indonesia region, method analysis 
used variables of: (1) the density of transportation infrastructure (as can be seen in Figure 1); (2) the 
capacity of the port; and (3) the speed of goods movement to the port. The constraint variable in the 
modeling process using FlowMap software is the variable of shortest distance to travel from the industrial 
area (as origin) to the port (as destination). 
The variable of speed of goods movement used in the simulation model (FlowMap) is based on the 
assumption of minimum speed of fleets (containers and ships). 
Table 3. The assumption of speed of goods movement by type of vehicle/fleet 
No Type of Vehicle/ Fleet Transportation Network Speed (km/hour) 
1 Containers Land/Road 30 
2 Ships Sea 
33,34 
(equivalent with 18 knot) 
Fig. 1. Transportation network in Western Indonesia Region 
National strategic ports 
Road and sea work 
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Method of analysis using the FlowMap in this research is based on the result of catchment area 
analysis to obtain the reliable ports that can be accessed in the fastest time from the industrial area within 
the Indonesia region. The analysis result can be shown in Table 4. 
Table 4. The reliable ports and travel time from industrial area. 
No. Name of Port Travel Time (in seconds) Ranking 
1. Banten 897 1 
2. Dumai 17,149 2 
3. Samarinda 17,166 3 
4. Palembang 32,042 4 
5. Tanjung Emas 33,467 5 
6. Lhokseumawe 35.187 6 
7. Banjarmasin 36.287 7 
8. Pekanbaru 48.521 8 
9. Pontianak 51.889 9 
10. Teluk Bayur 59.961 10 
11. Batam 63.426 11 
12. Belawan -1 No allocation 
13. Tanjung Priuk -1 No allocation 
14. Benoa -1 No allocation 
15. Tanjuk Perak -1 No allocation 
16. Balikpapan -1 No allocation 
17. Tanjung Pinang/Sri Bintang Pura -1 No allocation 
18. Panjang -1 No allocation 
Based on Table 4, the catchment area analysis result indicates that some ports in Western Indonesia are 
not reliable with the remark “No allocation”. This means that the ports are not sufficiently accessible to 
be achieved with a speed of 30 km/hour (by land/road transportation) or 18 knots (by sea transportation). 
The highest ranking is Port of Banten meaning that this port can be accessed most quickly with a travel 
time of 897 seconds or 14.95 minutes, while the Port of Batam has the longest access time of 63,426 
seconds or 17.6 hours. Of the 11 reliable ports, it can be optimized by using the FlowMap into 1 reliable 
port. It means that the port will be assumed as the most efficient port in Western Indonesia. The method 
of analysis to obtain this objective uses the expansion model in order to select 1 port amongst the 11 
reliable ports with the highest level of accessibility. The result of expansion model indicates that Port of 
Tanjung Emas is the port with the highest level of accessibility meaning that Port of Tanjung Emas 
located in Semarang is the most efficient port in Western Indonesia, as can be seen in Fig. 2. 
Fig. 2. The most accessible port in Western Indonesia Region (Port of Tanjung Emas)  
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4. Conclusions  
The research has indicated the most effectiveness and efficient port in the Western Indonesia region 
through two different approaches in the analysis method, i.e.: multi-criteria analysis and spatial analysis 
using the FlowMap software. The results suggest that to ensure the reliability of ports in Western 
Indonesia region, based on the analysis result, it is expected to carry out the feasibility study. Therefore, 
the next research is expected to conduct in order to provide the detail operational and technical aspect of 
the most reliable ports. 
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